Instrumental Analysis 
CHEM 3210, Spring 2019
Instructor:

Dr. Verl 
Olin Hall, Room 209 

(303) 871-2941, bmurugav@du.edu
Time and Location:
Lecture
Eng. And Com. Sci. 200, 9-9:50 AM, M, W, F




Labs

Mudd 109, M,T,W 2-5 PM; R 1-4 PM.
Course Overview:
Instrumental analysis has become the most important link in the development of advanced materials in diverse areas of science and technology.  Modern chemistry requires the use of sophisticated instruments for characterization of substances. However, the utility of these sophisticated instruments depends on the user’s understanding of the capabilities and limitations of these instruments.  Achieving such higher level of knowledge involves critical evaluation of the capabilities and limitations of the various methods, and the ability to understand the context behind a measurement need in solving real-world problems.
Ironically, complex analytical instruments can now be operated by a few clicks of button by scientists with no basic knowledge of the techniques (the Button Pushers).  Many errors in the use of modern instrumentations are due to this “black-box” approach.  If you call yourself a chemist, and even if you do not intend to operate an instrument, it is irresponsible not to acquire some familiarity with the instruments of modern chemistry.
Students who complete this class will realize that analytical instruments are not black boxes, but rather complex tools whose utility depends on how analysts both configure and apply them.  This course is designed to help students develop an in-depth understanding of analytical instruments used by scientists to provide solutions to problems in their own research.  It is not possible to discuss all types of instrumentation in this one quarter course.  Emphasis will be on the most useful analytical techniques like NMR, MS, separation methods, and UV/Vis.  Following a brief review of the theoretical background of each instrumental method and the basic principles of that technique’s instrument design, students will be exposed to the utility and actual application of each analytical technique in the laboratory segment of this course. “selecting the right tool for the job at hand”.
Text: 
There is no Text book for this course.  Because, there is no single text book that covers all the important analytical techniques in enough detail to be useful.  Power Points of topics covered will be posted on Canvas, however, are just a prelude to the topics.  You need to attend the lectures for the comprehensive coverage of these topics.    
Evaluation: The final course evaluation will be determined by your overall performance in the exams and hands-on application.  There will be two exams; a one-hour mid-term exam and a two-hour final exam.  Both exams will be cumulative, testing your comprehension of material covered in the lecture and laboratory.  Your applied skills will be evaluated through a written research paper describing the actual application of techniques.  The report must be presented in the form of a journal article (Journal Analytical Chemistry format).  

Exams

500 points (Mid term 200 pts., Final 300 pts.)


Applied Skill

500 points (Guided Experiments 100 pts., Research Project 400 pts.) 
Tentative Lecture Course Outline: 

Separation Sciences

Chromatographic Techniques

· Basic chromatographic theory, modes of chromatography, bonded-phases, partition chromatography.

      
Electrophoresis Techniques

· Electrophoresis theory, Modes of capillary electrophoresis, CE techniques

Spectroscopy/Spectrometry 

Ultraviolet/Visible Absorption Spectroscopy 

        
 Fluorescence

Mass Spectrometry Techniques

Basic theory, ionization techniques, Mass analyzers, Detectors, Fragmentation mechanisms.     

Nuclear Magnetic Resonance Spectroscopy Techniques 

· Basic theory, Vector model, pulse sequence, FT and data acquisition, 2D NMR.  
	Date
	Topic

	4/1 M

4/3W

4/5 F

4/8 M

4/10 W
	Introduction to the course

Separation Sciences:
Chromatography; theory of chromatography, types of chromatography, modes of LC, adsorption and partition mechanisms, bonded phases, modifiers, separation parameters.

 

	4/12 F
4/15 M

4/17 W

4/19 F


	Electrophoresis; CE, electro osmotic flow, electrophoretic mobility, sample injection, variations of CE.

	4/22 M

4/24 W

4/26 F

	UV/Vis spectroscopy

Fluorescence Spectroscopy 

	4/29 M
5/1 W

5/3 F

	Mass Spectrometry:

MS basics

Ionization methods; EI, CI, ESI, API, MALDI



	5/6M
	Mid Term Exam

	5/8W
5/10 F
5/13 M
5/15 W
5/17 F
5/20 M

	Mass Spectrometry continued.

Fragmentation mechanisms

Mass Analyzers; 

quadrupole, ion trap, TOF, IC

Detectors

Biological mass spectrometry

	5/22 W
5/24 F 

5/27 M no class 
5/29 W
5/31 F
6/3M

6/5W

6/7F
	Nuclear Magnetic Resonance Spectroscopy:

NMR background; nuclear spin, energy levels and population.

Vector model; NMR signal, rotating frame.

How NMR works; magnet, shim system, lock system, probe, RF transmitter/receiver, pulse sequences, relaxation, FT and data acquisition, 2D NMR

	6/11 Tuesday
	Fnal Exam; 8:00 am- 9:50 AM in Eng. And Com. Sci. 200.  Cumulative


